the feedback that they provide to the students.
1 Most of this research has not addressed the students' educational outcomes; has failed to control for other teacher characteristics, such as verbal ability, experience, and degree levels; 2 and has not investigated the effects that under-represented minority teachers have on non-minority students.
Public school system officials also worry about the dearth of female mathematics and science teachers. Women are underrepresented in many mathematics, science, and engineering fields at the collegiate level, both as students and as faculty (Ehrenberg 1992) . A major reason for this under-representation is that by the time women finish high school, they tend to perform more poorly than men in mathematics and science classes and on standardized tests. 3 Many cite the absence of female role models in science and mathematics as part of the explanation for this outcome and call for increased efforts to recruit and retain female high school mathematics and science teachers. However, empirical research on the role that teacher gender actually plays again typically focuses on attitudinal types of measures and not educational outcomes (see, for example, Brophy 1985) . The few studies that do address outcomes focus on the correlation between teacher gender and students' test scores at a point in time, rather than on the correlation between teacher gender and some value added measure (for example, Evans 1992; Humrich 1988) . ! See, for example, Irving (1985 Irving ( , 1986 . Many other studies are cited in Ehrenberg and Brewer (1995) . 2 Studies that do address educational outcomes are cited in Ehrenberg and Brewer (1995) , which itself reanalyzed the Coleman report data and found little evidence to support the view that, on average, black students benefited in the 1960s from having black teachers rather than white teachers. 3 An example illustrates this point. To achieve gender balance in the allocation of National Merit Scholarships to high school seniors, a student's performance on the PSAT verbal aptitude test is weighted twice as heavily as his or her performance on the PSAT mathematics aptitude test in the competitions for these awards.
Our study uses a unique national longitudinal survey, the National Educational Longitudinal Study of 1988 (NELS) , to analyze how a teacher's race, gender, and ethnicity (henceforth RGE) influence students both from the same RGE group and from other groups. In contrast to the previous literature, we focus bothon how teachers subjectively relate to and evaluate their students and on how much their students learn, as measured by standardized tests.
Although the findings in this paper are of interest in themselves, they also raise the broader issue of whether it is important to match employers and supervisors by RGE in the employment relationship. The relationship between supervisors and employees is analogous, in important respects, to that between teachers and students. Considerable research suggests that performance appraisal ratings may be influenced by the RGE match between supervisor and supervised worker; no evidence exists, however, on whether that RGE match influences either how well employees perform or the level of their earnings.
The National Educational Longitudinal Study (NELS)
The National Educational Longitudinal Study of 1988 (NELS) is a unique national data base. 4 In its initial survey wave, conducted between February 1 and June 30, 1988, data were gathered from students (then enrolled in the 8th grade), parents, teachers, and school administrators. For each student, two subject areas were chosen from among English/reading, mathematics, science, and history/social studies. The student was given a cognitive test in these two subjects, and the student's teachers in these two subjects were surveyed. NELS thus permits one to link data on each 8th grade student with data on two of his or her teachers, as well as with data from surveys of the student's parents and school administrator. The initial wave of NELS included responses from 24,599 students, 22,651 parents, and 5,193 teachers at 1,035 schools.
A second wave of NELS was conducted between January 26 and June 30, 1990, when the vast majority of the initial cohort of students were enrolled in the 10th grade.
5
Once again, two subjects, in most cases the same as in 1988, were chosen for each student and the student was given cognitive tests in these subjects. The student's current teachers in these two subjects were again surveyed, as were school administrators; however, parents were not surveyed in 1990. The second wave of NELS included responses from 18,221 students, 15,908 teachers, and 1,291 school administrators. The cognitive tests administered to the students each year were developed by the Educational Testing Service. The number of questions varied across tests: 21 in reading comprehension, 25 in science, 30 in history/social studies, and 40 in mathematics. Although all students who took a subject area test in the 8th grade were given the same test, six versions of the tests, which differed in their mathematics and reading difficulty levels, were administered in the 10th grade. Each student's 10th grade tests were determined by his or her scores on the base year mathematics and reading tests. The purpose of the multi-level design of the 10th grade test was to guard against "ceiling" and "floor" effects that might otherwise have occurred. That is, students who achieved high scores on the initial test were given the opportunity to do substantially better on the follow-up test, and students who had done poorly on the initial test were given the opportunity to do substantially worse on the follow-up test.
In the next section, we estimate gain score equations to ascertain whether teachers' RGE influenced how much their students learned. Because different students 5 Some respondents could not be resurveyed because they had moved and could not be located, and some had dropped out of school by 1990 and were given a separate drop-out survey. 6 In the first wave of NELS, students were clustered in classrooms within each school. By the time of the second wave two years later, students had been dispersed across classrooms within a school and many had changed schools. Hence the large increase in the number of teachers sampled in the second wave.
were given different tests, varying in difficulty, in the 10th grade, unadjusted gain scores cannot be used for this purpose. Fortunately, these different tests were made comparable by the designers of NELS through the use of Item Response Theory (IRT). IRT is a method that uses the pattern of right, wrong, and omitted responses to the questions actually administered on each test, and the difficulty, discriminating ability, and "guessability" of each question, to place each student on a continuous scale, regardless of the test he or she was given.
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The gain scores we actually use in our analyses are the difference between a student's 10th grade test IRT estimated number right and the student's rescaled IRT estimated number right on the 8th grade test. 8 We also ascertain in this section whether a teacher's subjective evaluation of a student was correlated with the match between the student's and the teacher's RGE. Teachers in the 10th grade survey were asked a set of questions about their perceptions of each surveyed student in their classes. These included whether they thought the student would probably go to college; whether they would recommend the student for academic honors; whether they believed the student related well to others; whether they spoke to the student outside of class; and whether they believed the student worked hard. We aggregated these responses (1 = yes, 0 = no for each) into several teacher's subjective evaluation variables for use in our analyses.
Empirical Analyses

Gain Score Analyses
Our analyses of students' gain scores for each subject area are restricted to white, 7 See Rock and Pollock (1991) for a discussion of IRT and the NELS data. 8 A11 students took the same test in the base year. However, the base year test scores also had to be rescaled because the questions on the base year test differed in their degree of difficulty, the discriminating ability they demanded, and their guessability. Thus, two test takers with the same number of correct answers, but different questions incorrect, may have different adjusted base year scores. black, and Hispanic students who were enrolled in public schools in both the 8th and the 10th grades, who took the same subject area tests in both years, and for whom data on teacher characteristics (in both years), school variables (in the 10th grade), and parental survey responses (in the 8th grade) were all present. These restrictions reduced the number of observations in our analyses to 1,776 in history, 2,848 in reading, 3,029 in mathematics, and 2,445 in science.
Table la presents the mean values of the 8th grade subject area test scores (number of correct answers) for these students, stratified by RGE. Since the number of questions on the tests varied across subject areas, comparisons of absolute scores across tests are not very useful. These data do suggest, however, that white students outperformed other students, on average, on all four tests, and that male students in each racial/ethnic group slightly out-performed female students in the group on the mathematics test and under-performed female students on the reading test.
Table lb presents the adjusted mean (described above) gain scores on each test between the 8th and 10th grades for students in each demographic group. These means range across groups from roughly 1 to 2.8 in science, 1.8 to 2.5 in reading, 2.2 to 3.2 in history, and 4.6 to 5.1 in mathematics. These mean gain scores should be kept in mind when one evaluates the estimates of the importance of teacher RGE that appear below. Table 2 shows how each RGE group of 10th grade students in each of the four subject matter areas was distributed across teachers of various RGEs. Across groups of students and subject matter areas, between 74% and 97% of the teachers were white. White students' teachers in this sample were almost all white. Numerous male and female teachers appear for all groups of students in all four subject areas. Finally, although black and Hispanic students had primarily white teachers, occasionally a significant share of their teachers came from the same racial or ethnic group as they did. For example, 11 % of black history students had black male teachers, and 16% of black male English students and 21% of black female English students had black female teachers. Small sample sizes and cells in which very few teachers from a group are present make it a priori unlikely that we will observe statistically significant effects.
10 Hence, it is 10 The estimated variance of a dichotomous variable in a regression equation is given by
where N is the sample size, S 2 e is the variance of the error term in the equation, S 2 is the variance more likely that we will be able to estimate the impact of white female vis-a-vis white male teachers on each student group than that we will be able to estimate the impact of black and Hispanic teachers on these groups. In cases in which a relatively large proportion of minority teachers were present, however, such as the three noted above, statistically significant effects might also be observed. Our analytical approach is to estimate, for each RGE group of students and each of the four subject areas in which the tests were given, gain score equations of the form
rjk njk ijk of the dichotomous variable (which will be small if the variable rarely equals one), and R 2 x is the proportion of the variation in the dichotomous variable that can be "explained" by the other variables in the model. See Pitcher (1979) for an elaboration of this point. Definitions: BM-black men; OM-other men; BF-black WM-white men; HF-Hispanic women; WF-white women.
Source: Authors' computations from NELS data.
women; OF-other women; HM-Hispanic men;
In equation (1), the subscript i indexes individuals, the subscript j indexes RGE groups of students (6), and the subscript k indexes subject matter areas (4). Q is the student's 10th grade adjusted subject test score and G~l the student's 8th grade adjusted score. The X's, S's, and T's are vectors of variables that control, respectively, for personal and family characteristics, characteristics of the student's high school, and characteristics of the 10th grade subject teacher and subject class. The terms a v « 2 , and a 3 are vectors of parameters, and £ is a random error term. Finally, the d's are a vector of dichotomous variables that indicate the RGE of the individual's teacher in a subject.
The personal and family variables included in our empirical analysis are parents' education levels, family size, family income, the student's base year 8th grade adjusted test score, and whether the student was learning-disabled or had limited English proficiency. The school level variables are total enrollment, the percentage of the school's graduates who enroll in college, the racial distribution of the student body, the percentage of teachers with at least a master's degree, and the highest salary paid to full-time teachers in the school. The class variables are the number of students in the student's subject area class and the proportion of them who were minority students. Finally, the teacher variables are the subject teacher's years of experience, degree level, certification in the subject, and subject matter background. Control variables of these types are often found in prior "educational production function" studies.
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Of key concern to us is whether teacher RGE per se influence how much students learn. Therefore, we include in (1) the vector of dichotomous variables, d, that indicate whether the student's 10th grade subject matter teacher was a black man, black woman, Hispanic man, Hispanic woman, other (primarily Asian American) man, other woman, or white woman. The n See, for example, Hanushek (1986) .
omitted category of teachers is white men, so the coefficients (b) of these variables reflect the impact of each group of teachers on the students' adjusted gain scores vis-avis the impact of white male teachers.
The gain scores are a measure of students' improvement in their academic performance that occurred, depending on when the two tests were administered, sometime between February and June of their 8th grade year and February and June of their 10th grade year. To the extent that teacher characteristics influence student gain scores, the characteristics of the students' 9th grade subject teachers should also be included in the analyses. Similarly, the characteristics of the 8th grade subject area teachers should also be included, both because the 8th grade test was administered to many of the students before the end of the year (which provided time for many 8th grade teachers to influence how much the students learned after the test that year) and because the 8th grade teachers may also have influenced their students' interest in, and motivation for, future study in the subject area.
No data on the characteristics of 9th grade teachers were collected in NELS. Hence, 9th grade teachers' characteristics could not be included in equation (1), and this omission may bias our estimates. We report the results of our attempts to include 8th grade teacher characteristics in the model below.
Estimates of the coefficients for the teacher RGE dichotomous variables appear in Table 3 for each RGE group of students by subject area. Coefficients of the control variables, when statistically significant, were typically similar in sign to those found in other studies.
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Turning to Table 3 , for only 11 (out of 130) of these coefficients can we reject the hypothesis that the coefficient is equal to zero at the .10 level of significance or above, . 
Continued
and thus conclude that teacher RGE per se may have influenced gain scores. Indeed, for only one of the 24 RGE subject matter groups, Hispanic female science students, can one reject at the .05 level of significance the null hypotheses that all of the teacher RGE variables had no effect on students' gain scores. Together, these results provide evidence that, on balance, teachers' RGE per se did not play an important role in how much students learned in this sample. The pattern of the small number of statistically significant coefficients does warrant mention. In comparison to white male teachers, black male teachers are associated with higher history gain scores for black male, white male, and white female students, but lower reading scores for Hispanic male students. Black female science teachers are associated with higher science scores for Hispanic female and white female science students. 13 White female teachers are associated with lower reading and history scores for Hispanic male students, but higher science scores for Hispanic female students. Finally, quite strikingly, there is no evidence that, as compared to white male teachers, white female teachers increased, or decreased, the scores of either white male or white female students in any subject. Given the large sample sizes for white students and white teachers in 13 As Table 2 indicates, only one black female teacher taught a Hispanic female science student in the sample. This fact, plus the large magnitude of the estimated impact of this pairing on the student's gain score (over 5), suggests that the estimated coefficient may also be capturing the impact of other omitted factors associated with the pairing. Other effects of this magnitude are observed for black teachers, but in each case in which they occurred they were based on at least seven teacher/student observations. our analyses, our failure to find significant effects of teacher gender here cannot be attributed to small samples.
A number of extensions also warrant brief mention. First, use of a smaller number of dichotomous variables in which gender was not interacted with race or ethnicity did not lead to a larger number of statistically significant effects. Second, when the RGE of the students' 8th grade subject matter teacher were added to the model, or substituted for the 10th grade teacher's RGE, the coefficients of the 8th grade teacher's RGE never proved to be jointly statistically significant. Third, adding dichotomous variables that represented the RGE of the student's second observed 10th grade subject area teacher did not improve the fit of the model. Finally, pooling the data for black and Hispanic students to form a larger under-represented minority student sample and then estimating the effects of underrepresented minority (black or Hispanic) vis-a-vis white teachers on the gain scores of white and under-represented minority students did not lead to a larger number of statistically significant under-represented minority teacher effects.
Of course, one might argue that the pattern of primarily statistically insignificant RGE coefficients is due at least partly to the small sample sizes for many of the groups. One might also argue that it is due partly to measurement error in the underlying test scores, and hence in the gain scores, since random measurement error in an outcome variable leads to larger standard errors of regression coefficients. Hence, in addition to focusing on the statistical significance of individual RGE coefficients, one might also focus on the pattern of the signs of a given RGE variable's coefficients and conduct nonparametric tests of their importance.
Such tests are easy to conduct.
14 For example, there are 16 coefficients in Table  3 for black male and black female teachers in the black male and black female student samples. Of these 16 coefficients, 10 are positive and 6 are negative. If the true effect of black teachers vis-a-vis white teachers on black students' gain scores were zero, the probability of observing any one of these coefficients being positive would be one-half. Hence, one would expect about 8 of the 16 coefficients to be positive. However, the chances of observing 10 out of 16 positive coefficients, if the probability that any given one is positive is one-half, is . 122, and this probability is not small enough to reject the hypothesis that black teachers have no effect vis-a-vis white teachers on black students' gain scores. Similar tests for the effect of Hispanic teachers vis-a-vis white teachers on Hispanic students' gain scores (9 positive coefficients out of 15) and for the effect of female teachers vis-avis white male teachers on female students' gain scores (23 positive coefficients out of 37) do not enable one to reject the hypotheses that Hispanic teachers have no effect vis-a-vis white teachers on Hispanic students' gain scores and that female teachers have no effect vis-a-vis white male teachers on female students' gain scores.
Together, then, these results provide, at best, little support for the notion that teachers' RGE per se influence how much students objectively learn. Indeed, in only one case, black male history teachers and students, do we find any evidence that the match of teacher and student RGE enhanced students' gain scores.
Subjective Teacher Evaluations
How can our findings be reconciled with those studies cited earlier that purported to show that teachers' attitudes toward, expectations for, placement of, and feedback to students depends on the match of teacher and student RGE? One strategy is to ask a related question: do such relationships exist in the NELS data, where our findings suggest that such matches do not influence how much students learn?
To answer the latter question, we reestimated variants of equation (1) in which the student's gain score was replaced by a variable that summarizes the student's 10th grade subject teacher's evaluation of the student. 15 This variable was constructed as the sum of a set of five yes (= 1), no (= 0) answers to questions asking whether the teacher expected the student to go to college, would recommend the student for academic honors, believed the student related well to others, spoke to the student out of class, and believed the student worked hard. Table 4 shows the mean teacher evaluations of the students by subject area, on a scale of 0 to 5. Female students of each race and ethnicity were rated more highly than male students of the same race and ethnicity in each subject area. Hispanic and black students were rated about the same in each subject matter, and white students tended to be rated higher than those two groups. Whether this difference reflects differences in background characteristics (the control Note: The subjective evaluation is the sum of yes (=1), no (= 0) responses by the teachers to the following five questions: Did the teacher (1) think the student would probably go to college? (2) recommend the student for academic honors (i.e., either honors classes or recognition) ? (3) think the student relates well to others? (4) speak to the students outside of class? (5) think the student works hard?
Source: Authors' calculations from NELS data.
variables) or different subjective evaluations of a teaching staff that is predominantly white (see Table 2 ) will be learned from the variants of equation (1) that we reestimated. Table 5 presents the estimated coefficients of the dichotomous variables for the subject matter teacher's RGE from these equations. Quite strikingly, 23 of these coefficients are now statistically significantly different from zero, over twice the number observed to be so in the gain score equations. Moreover, the match of teacher and student race or ethnicity often is associated with higher subjective evaluations of the students. Black male students in reading and science and black female students in mathematics and science received significantly higher subjective evaluations from black male teachers than from white male teachers. Compared to white male teachers, Hispanic teachers of either gender gave significantly higher subjective evaluations to Hispanic mathematics students of either gender. Finally, white female teachers gave significantly higher subjective evaluations than white male teachers to white female students in reading, mathematics, and science and to white male students in reading and science, but lower evaluations to white male students in history.
We experimented with several alternative specifications. Because the subjective evaluation variable can only take integer values between 0 and 5 for each individual, the linear model we estimated is not strictly appropriate, and hence a multinomial probit model was also estimated. Because the first two subjective evaluation questions included in our index (did the teacher believe the student would attend college and did the teacher recommend the student for academic honors?) are probably conceptually and (as suggested by canonical correlation analysis) empirically more important than the others, we also reestimated separate least squares and probit equations for the (1,0) answers to these .85 [5, 54] 2.317 (1.4) -1. 028 (0.6) .284 (0.4) 1.401 (1.1) 1.446 (0.9) .960 (1.0) .360 (0.9) .74 [7, 63] Continued questions, as well as ordered probit models for the sum of the answers to these two more important questions. 16 In each case 16 Should our variable be calculated as an unweighted sum of the scores on the individual teacher subjective evaluation questions? One way to address this question is to ask what linear combination of the scores on the five evaluation questions is most highly correlated with a linear combination of the variables on the right-hand side of equation (1). This is what the method of canonical correlation does, although a weakness of the method is that one cannot perform the results were qualitatively similar to those reported in Table 5 , although somewhat tests of statistical significance for coefficients of individual variables using it. When we employed this method, using data from the various RGE subject area groups, the weights placed on the first two subjective evaluation variables were typically close to one and the weights placed on the remaining three subjective evaluation variables were typically much smaller. For a discussion of canonical correlation analysis, see Bruce Thompson (1984) . fewer significant coefficients emerged in some of these specifications.
Concluding Remarks
Do teachers' race, gender, and ethnicity (RGE) matter? Our analysis of the 1988 NELS data suggests that for the most part these teacher characteristics did not affect how much students learned between the 8th and 10th grades in four subject matter areas. They do, however, sometimes seem to have influenced 10th grade teachers' subjective evaluations of their students, even after we control for the student's subject matter test scores in the 8th grade. Thus, for example, although white female teachers do not appear to have induced higher gain scores among white female students in mathematics and science than did white male teachers, they did give higher subjective evaluations to those students.
These findings are subject to a number of qualifications that were imposed upon us by the NELS data. The data included no information on the characteristics of 9th grade teachers, no measures of teacher ability were present, and teacher and school characteristics had to be treated as predetermined. 17 In addition, because the tests administered to the students contained only a small number of questions (21 to 40), the test score levels for each student could be subject to considerable measurement error. Since first differencing to obtain gain scores typically increases measurement error problems, the statistical significance of the RGE effects in our gain score equations may be understated.
18
17 Ehrenberg and Brewer's (1995) reanalysisof the Coleman Report data makes use of teacher ability measures and tests whether treating school and teacher characteristics (including teacher race) as endogenously determined influences their findings. The lack of geographic identifiers in the NELS data set precludes similar analyses here.
18 Hamermesh (1989) provided a precise statement of the conditions under which first differencing an At face value, our findings may be interpreted in either of two conflicting ways. On the one hand, if it is argued that what is crucial is how much students learn in classrooms, one might conclude that teacher RGE per se do not matter. On the other hand, if it is argued that teachers' subjective evaluations of students mirror the encouragement they provide these students and the "track" on which they place the students or to which they encourage them to aspire, our results suggest that in some cases teachers' RGE do matter.
Resolving which interpretation is correct must await the release of subsequent waves of NELS. In particular, students were resurveyed during the first half of 1992, when they either were seniors in high school or had dropped out of school. When released, these data will allow researchers to test whether the 10th grade teachers' subjective evaluations of their students influenced how much these students learned between the 10th and 12th grades and the types of classes in which these students were placed, all conditional on the students' 10th grade test scores. They also will allow researchers to estimate the role that teachers' RGE per se play in students' dropout decisions. Later years' NELS data will outcome variable leads to increased measurement error and thus less precise estimated coefficients. Johns (1981) provided a similar discussion from a psychometric perspective. permit researchers to analyze teacher effects on college-going behavior.
To the extent that the student/teacher relationship is similar to the employee/ supervisor relationship, our findings may have some application to the question of whether it is important to match employees and supervisors by RGE. An extensive literature in the field of human resources shows that-parallel to our findings-subjective performance evaluation scores are often correlated with the RGE match between supervisor and employee.
19 As in the research on teachers and students, however, there is virtually no evidence on whether the degree of correspondence in RGE between supervisors and employees influences how well employees perform. Similarly, there is no evidence on whether the match, or lack thereof, between supervisor and employee characteristics influences an employee's long-run earnings and productivity at a firm. Research addressing these issues should be high on the priority list of those concerned with the progress of women and minorities in the labor market.
20
19 Bretz, Milkovich, and Read (1992) , Milkovich and Boudreau (1994) , and Oppler et al. (1992) presented summaries of the literature on RGE bias in performance appraisals.
20 Donna Rothstein is addressing some of these issues in her Cornell dissertation, which is in progress.
